Wound healing studies, which have chiefly examined dermal tissues, have reported a female advantage in healing rates. In contrast, our laboratory recently demonstrated women heal mucosal wounds more slowly than men. We hypothesized sex hormones influence wound healing rates, possibly through their modulating effects on inflammation. This study involved 329 younger subjects aged 18-43 (165 women, 164 men) and 93 older subjects aged 50-88 (60 women, 33 men). A 3.5 mm diameter wound was created on the hard oral palate and videographed daily to assess wound closure. Blood collected at the time of wounding was used to assess circulating testosterone, progesterone and estradiol levels, and in vitro cytokine production in response to LPS. No strong associations were observed between healing times and estradiol or progesterone levels. However, in younger subjects, lower testosterone levels related to faster wound closure. Conversely, in older women higher testosterone levels related to (1) lower inflammatory responses; and (2) faster healing times. No such relationships were seen in older men, or in women taking oral contraceptives or hormone replacement therapy [HRT]. Older women (50-54 years) not yet experiencing menopause healed similarly to younger women and dissimilarly from age-matched postmenopausal women. This suggests that the deleterious effects of aging on wound healing occur secondary to the effects of menopause. Supporting this, there was evidence in post-menopausal women that HRT augmented wound closure. Overall, this study suggests that human mucosal healing rates are modulated by testosterone levels. Based upon when between-group differences were observed, testosterone may impact upon the proliferative phase of healing which involves immune processes such as re-epithelialization and angiogenesis.
Introduction
To date, wound healing studies have chiefly examined dermal wounds and reported a female advantage in healing rates (Ashcroft et al., 1997; Ashcroft and Mills, 2002; Jorgensen et al., 2002; Shimizu et al., 2004; Gilliver and Ashcroft, 2007) . Conversely, when observing oral mucosal wounds our laboratory has found a male advantage in healing rates (Engeland et al., 2006) . In addition, mucosal wound healing after oral surgical procedures has been associated with greater complications and longer recovery times in women (Conrad et al., 1999; Phillips et al., 2003; Benediktsdottir et al., 2004; Adeyemo et al., 2006) . Thus, gender advantages in wound healing appear to be tissue specific.
Sex hormones, specifically estrogens and progesterone, play a role in mucosal inflammation as demonstrated in both gingivitis (Ashcroft et al., 1999) and periodontal disease (Mascarenhas et al., 2003) , suggesting they are mechanistically related to mucosal wound healing. However, this association has not been verified. Importantly, the sexual dimorphism observed in dermal healing rates has been linked to the modulating effects of sex hormones on healing processes, specifically on inflammation (Ashcroft et al., 1997; Ashcroft and Mills, 2002; Gilliver and Ashcroft, 2007) . Overall, androgens generally lengthen, whereas estrogens shorten, healing times in skin (for recent reviews see Gilliver et al., 2007; Marucha and Engeland, 2007) .
Compared to dermal tissue, mucosal tissue heals much faster with less inflammation and scarring (Lee and Eun, 1999; Szpaderska et al., 2003; Heikkinen, 2006 ). This suggests that the level of inflammation needed for optimal healing is lower in mucosal tissue. Females mount higher cellular, humoral and inflammatory responses (Schuurs and Verheul, 1990; Miller and Hunt, 1996; Zuk and McKean, 1996; Giglio et al., 1994) , have higher levels of circulating antibodies (Giglio et al., 1994; Miller and Hunt, 1996) and a greater ability to clear bacteria than males (Krzych et al., 1981; Miller and Hunt, 1996; Engeland et al., 2003) (for review see Bouman et al., 2005) . These enhanced immune responses in females have been primarily attributed to differences in levels of circulating sex hormones (Gaillard and Spinedi, 1998; Lahita, 2000) , and in particular the lack of circulating androgens (Bilbo and Nelson, 2001) . Sex hormones can influence healing by modulating inflammation, which may explain the observed reversal in the gender
